Earning any advanced degree in physics or astronomy is an arduous process and major accomplishment. However, not every journey to the Ph.D. is paved equally. Every year, there are hundreds of students who earn terminal master's degrees in physics and astronomy in the United States. A master's degree on its own is sufficient qualification for many good careers, but for a portion of these students, the master's degree is not the final step in graduate education. When students with master's degrees decide to continue their education and are accepted to Ph.D. programs, they often find that their credits do not transfer and that they will be required to re-do large portions of their master's degree at their new Ph.D.-granting institution. Here we discuss the need for gathering more data to understand both the different pathways to a Ph.D. and the students that choose each route. We also discuss some of the challenges faced by students that earn a master's degree before beginning a Ph.D. program. As students in the physical sciences that complete a master's and a Ph.D. at different schools take over 2 years longer to reach a Ph.D. than students that get both degrees from the same school, we suggest steps that can be taken to help these students succeed in a timely manner.
Introduction
The road to a Ph.D. can take more than one pathway. In the US, the most common route is completing a bachelor's program and then directly entering a Ph.D. program, generally with the option to get a master's in passing. However, hundreds of students graduate each year with terminal master's degrees in physics and astronomy, and a subset of these students going on to either astronomy Ph.D. programs or physics Ph.D. programs with astronomy research. Students that complete a master's degree before entering a Ph.D. program at a different university represent several different paths. This includes students that entered stand-alone terminal master's programs at universities that do not extend to a Ph.D., students that are leaving a Ph.D. program with a MS to find a more compatible Ph.D. program, and students that have taken part in bridge programs designed to help them reach Ph.D. programs from non-traditional backgrounds (such as the Fisk-Vanderbilt Master's-to-PhD Bridge Program (Stassun et al., 2010) and the APS Physics Bridge program (Beckford, 2016) ). While each of these paths have their own challenges towards the shared goal of a Ph.D. in physics or astronomy, only the traditional path is well-defined, and difficulties faced during non-traditional paths are often not addressed.
Master's degrees in STEM
For Ph.D.s in science, 29% of graduates earn a master's degree at an institution other than where they completed their Ph.D. (Lange, 2006) . Of those that earned a master's degree en route to a STEM Ph.D., 12% earned their master's degree at master's colleges (schools that offer undergraduate degrees and also award at least 20 master's degrees per year). This number undergoes a statistically significant rise to 18% for Native American and African American students (Lange, 2006) . Women completing bachelor's degrees in mathematics and non-biological sciences and then enrolling in graduate education were also less likely to eventually be enrolled in Ph.D. programs (Clune et al., 2001) , with 31% of men reaching a Ph.D. program compared to only 17% of women. A significant portion of graduate students start in a master's program rather than a Ph.D. program, and underrepresented groups are more likely to follow this path. Easing the transition from master's programs to Ph.D. programs may then also help to increase the number of students from traditionally underrepresented groups that advance to Ph.D. programs. 
Terminal Master's Degrees and Physics and Astronomy
The currently available data on terminal master's degrees in either physics or astronomy departments specifically is relatively limited. Most existing data is broadly focused on master's degrees as a whole or all STEM fields. The American Institute of Physics (AIP) does collect some useful data on graduate programs. Their yearly surveys of physics and astronomy programs do collect some demographic data on students, but while this does include race and gender, it does not include socioeconomic data such as parent education, or family income, or the need to find additional income outside of grad school. The AIP also conducts a survey of first-year graduate students and one insight this provides is the types of support for graduate students, although only in their first year. Finally, an assessment of students graduating with a Ph.D. can provide some of the educational history of graduating students (such as graduate degrees earned at other schools). This data doesn't include the level of rigorous longitudinal studies on physics and astronomy students that would be needed to look at attrition rates of graduate students, including how socioeconomic status or earning a terminal master's degree influences attrition rates. The existing data collected about physics and astronomy graduate students is valuable, but is an incomplete demographic picture. Reliable completion/attrition rates are also not included in this data.
In order to highlight some differences between Ph.D. programs and terminal master's programs specifically in physics and astronomy, we use the undergraduate student population to provide insight into the sorts of backgrounds of students being served by each university. The AIP provides two yearly surveys of university departments, one for astronomy departments (Nicholson and Mulvey, 2018a) and one for physics departments (Nicholson and Mulvey, 2018b) . The data collected includes the highest degree offered by the department, as well as how many students have graduated with each degree offered. As many physics departments include astronomy when a separate astronomy department is not offered, we combine these two department rosters to get a single list of universities with the highest degree offered. Our analysis represents 190 schools where the highest degree in physics and/or astronomy is a Ph.D., and 55 schools where the highest degree is an MS. For the 2016-2017 year, this represents 556 students that exited with a master's degree at universities that grant Ph.D.s, and another 283 students that completed master's degrees at universities where this was the highest degree available (15 programs did not provide data). These schools are then matched against the U.S. Department of Education's College Scorecards 2 . Here three properties of the 2016 undergraduate student body are examined.
• In Figure 1 , we show the fraction of undergraduate students receiving income-based Pell grants at both Ph.D. and master's granting institutions. Pell grants are government grants awarded to U.S. citizen undergraduate students who demonstrate financial need based on family income and cost of tuition. In line with the Department of Education, we use the fraction of students receiving Pell grants as a proxy for the fraction of students coming from lower-income backgrounds.
The average school that only offers a master's degree has about 40% of its undergraduate students meet the necessary criteria to receive a Pell grant, whereas only ∼ %20 students at Ph.D. granting institutions meet the same criteria, suggesting a notable difference in the fraction of the student body that is lower-income.
• Figure 2 displays the fraction of students categorized as part-time students. Universities that only offer terminal master's degrees have about twice as many undergraduate students that are part-time. A gap also appears fpor physics and astronomy students at the graduate level; according to AIP data, in their first year in grad school, 8% of students in master's programs were part-time, compared to only 2% of students in Ph.D. programs. This statistic, in part, represents college students who need to work to support themselves while simultaneously taking classes. Schools where the highest degree offered is a master's degree tend to serve student populations that are lower-income, and more likely to be attending part-time. • Figure 3 shows the fraction of first generation college students. At institutions that offer a Ph.D., about one in four undergraduates is a first generation college student. At schools that offer only a terminal master's degree, this number increases to more than one in three.
Schools that offer only a terminal master's degree tend to serve undergraduate student populations that are more likely to be the first generation in their family to attend college. AIP surveys of grad students in their first year can also provide a potential proxy for socioeconomic status of graduate students by looking at the number of first-year graduate students who took community college classes between high school graduation and enrollment in an undergraduate degree. It is not surprising that students from lower socioeconomic backgrounds are more likely to enroll in community colleges after high school for both cost and educational reasons. Approximately 60% of the high school graduates from the lowest socioeconomic quintile enrolled in community colleges if they went on to post-secondary education, while less than 20% of the highest socioeconomic quintile students did the same 3 . From the AIP surveys, in departments that offer only a physics master's degree, 30% of students had enrolled in community college after high school. In physics departments that offer a Ph.D., this number drops to 17%, and in departments offering astronomy graduate degrees (where almost all are Ph.D. granting institutions), only 12% attended some community college. Students that have taken coursework at community colleges (which have lower tuition rates than public universities) are a much larger share of programs with a terminal master's degree than of programs with a Ph.D.
Concerns for Master's students
Graduate students that earn a master's degree en route to a Ph.D. see longer times to graduation, with the gap varying by field. In a study of University of California Ph.D. programs in the physical sciences, a student that earns a Ph.D. without earning a separate master's degree in the process graduates in an average of 5.5 years. The time to graduation increases to 6.5 years for students that earn a master's degree at the same school as their Ph.D., and to 8.4 years if they earned a master's degree at a different institution than their Ph.D. (Nerad and Cerny, 1991) . A similar gap is present in the AIP data for the median full-time equivalent years of graduate study for Ph.D. students that hadn't transferred at 6 years, while for transferring Ph.D. students, it is 5.5 years at their Ph.D. granting institution, and an additional 2 years at their previous institution, for a gap of 1.5 years. Students that complete a master's degree and go on to a different Ph.D. program take ∼ 2 years longer in graduate school than students that enter a Ph.D. program directly.
This difference in how long it takes to reach the Ph.D. can represent a significant opportunity cost, as additional years in grad school are years that are not spent earning a higher salary or being able to save money for future expenses. 
Suggestions for the Decadal Survey
We recommend two sets of goals for the Decadal Survey to consider with respect to future discussions of master's students that continue on to Ph.D. programs. The first set of goals are tied to the quality of the data available for graduate students. This relies, firstly, on departments providing much of this data about their own programs and students, and secondly on an organization to collect this data. A natural fit would be for increased support to the AIP's Statistical Research Center which is already gathering data on graduate students and graduate programs in physics and astronomy. As graduate programs tend to be small, there should also be some discussion as to how to collect all this data and make it accessible in a way that maintains the privacy of individual students.
• While the AIP already does collect some demographic data (particularly race and gender) for graduate students, it would be greatly beneficial to have a more complete set of demographic data in both master's and Ph.D. programs, particularly socioeconomic data. This will allow differences between master's and Ph.D. programs more broadly to be examined, such as the extent that lower-income or first generation college students are being represented in the graduate populations. This can also include full-time vs part-time status, and if they are otherwise employed.
• A greater set of data on graduate students' educational history as they enter and exit graduate programs should also be collected, including longitudinal studies. This would include elements such as any past degrees, years earned, and what subjects they were in. Some of the questions that this data (in conjunction with demographic data) should be able to answer: • Data should be collected on funding for graduate students (including extent of support for tuition or health care) in a transparent fashion to help students make informed decisions about their expected out-of-pocket costs at a graduate school level. Reasonable cost-of-living estimates should also be included.
The second set of goals are tied to how graduate programs prepare students for terminal master's degrees, as well as how graduate programs assess and support student that have already earned a master's degree in physics, astronomy, or a related field.
• Ph.D. programs should be encouraged to be more accepting of transferred course credits from master's programs. Reducing the amount of coursework that must be redone can shorten the total time in graduate school, reducing both the total tuition costs and the current opportunity cost that comes with spending additional years in graduate school.
• To support the above goal, it would be worth investigating how to ensure that master's degree programs provide students with comparable preparation to the first eyars of a Ph.D. program. One idea is the development of a subject-oriented accreditation system that would ensure a consistent level of rigor for graduate programs in physics and astronomy. Such a program could streamline the grad school process by making it easier to transfer credits, which in turn would reduce time-to-Ph.D. for students that earn a terminal master's degree. Such a system would need to be flexible enough to fit departments that vary in both student/faculty size and range of fields covered. It would also likely need to come with more support provided to programs that have limited resources. We do note that a proposal for accreditation for undergraduate physics programs has already been explored by the American Physical Society (APS) and the American Association of Physics Teachers (AAPT), and both organizations independently reached the conclusion that accreditation was not the appropriate course to take. A different approach would be to instead upon the work currently being done by the APS and AAPT. Instead of accreditation, the APS and AAPT have decided to create a guide to help undergraduate physics programs improve themselves and have access to resources and information on best practices as part of a project called the Effective Practices for Physics Programs (EP3) 5 . The guide is currently in development (expected release in Spring of 2020), and will provide departments with steps for self-assessment and evidence-based strategies for a wide range of goals, such as advising and mentoring, improving curricula, research opportunities, and departmental leadership. A similar approach that is designed for specifically for physics and astronomy graduate programs could then provide departments the guidance to improve without some of the concerns raised by accreditation. A key component of such a program would also need to be providing the support for smaller programs to take advantage of these resources, such as travel to workshops or providing outside assistance to help departments conduct self-assessments and develop plans for improvement. This program could be created by extending the APS/AAPT program to include graduate programs, or through establishing a similar program by another organization, like the AAS or the AIP.
• As a significant portion of master's students are self-funded and more likely to come from schools serving lower-income populations, reducing the application cost of Ph.D. programs can make applying to Ph.D. programs easier and more affordable. Some suggestions include accepting digital copies of official transcripts or test scores and only requesting official copies upon admission (so that applying to multiple schools is more affordable), and removing mandatory requirements for tests like the GRE that have high associated costs even though their utility has been questioned (Miller and Stassun, 2014; Sealy et al., 2019) .
• Much of this section addresses how to make relatively modest changes to the current US system, but a much larger approach would be to move towards thinking of a Ph.D. as a distinct program 3-4 years long that follows a master's degree rather than a longer program that must include a master's degree within it. Currently, one of the options that provides the shortest road to a Ph.D. for those completing a terminal master's degree is to look at schools internationally, where they can immediately begin work towards their Ph.D. and where a master's degree is a requirement for entry into the program.
